Objective-The study was performed to examine the influence of the exposure to magnetic fields in the potrooms of an electrolysis plant on the occurrence of musculoskeletal symptoms among the employees. The study was performed after much discussion and worry in the aluminium industry about this issue. Methods-A retrospective cohort study was performed at an aluminium plant. The occurrence of musculoskeletal symptoms registered at health controls performed by the occupational health care unit in 1986 and 1991 was assessed from employees exposed to magnetic fields in the potrooms (n = 342) and from a control group (n = 277). The data were collected before the discussion about the effects of magnetic fields started. The exposure to static magnetic fields was found to be 3-20 mT inside the potrooms. Ripple components (alternating currents (AC fields)) were registered as well. Results-No difference between the exposed and unexposed groups was found for the reported musculoskeletal symptoms in 1986 or in 1991. Conclusions-There seems to be no relation between work in potrooms with exposure to static magnetic fields and the occurrence of musculoskeletal symptoms.
Effects on human skeletal muscle during occupational exposure to magnetic fields are in general not well known. Skeletal muscle is known to contract when exposed to intense acute magnetic pulses,' but effects on skeletal muscle caused by less intense exposure to magnetic fields are not clear. Several experimental studies of the effects of static magnetic fields on nerve function have been performed, but the results are conflicting. 23 Some studies suggest that static magnetic fields increase the exitability of the motor nerves. 45 It has also been suggested that magnetic fields may have an activating effect on synaptic transmission in smooth and skeletal muscle.6 Magnetic fields have also been shown to induce various alterations of tissue metabolism, including reduction of glycogen content in nerve and muscle cells.7 Small variations in static magnetic fields (10 T) are sufficient to alter the rate of myosin phosphorylation in a cell free preparation. 8 Whether magnetic fields have adverse effects or not on the human musculoskeletal system is not clear. Magnetic fields are in fact suggested to have therapeutic applications related to the musculoskeletal system.9 '°They are for instance used to promote healing of fractures and wounds by orthopaedic surgeons. These effects are not generally acknowledged. Epidemiological studies of the effects of static magnetic fields on the occurrence of musculoskeletal disorders are not known. Several studies have examined the general health effects related to occupational exposure to magnetic fields.
Russian studies describe headache and other symptoms of the nervous system among workers exposed to electric and magnetic fields." 12 Such symptoms may arise from disorders in the musculoskeletal system. Comparable health surveys on occupationally exposed workers in other countries have failed to confirm similar effects,'3 '7 with the exception of a small Spanish study.'8 Studies have also been performed to investigate health effects of this kind among populations that live near high voltage transmission lines. The results are contradictory and the conclusions uncertain.'9-2' None of these studies have examined the occurrence of other symptoms that may be related to effects on muscles. A Swedish study suggested a relation between motor neurone disease and employment in electrical occupations. These workers were also exposed to different chemical agents and their exposure to magnetic fields was not well described. 22 In Norway, exposure to magnetic fields has been suggested as a possible cause of musculoskeletal disorders in workers. 23 The issue, this time related to work in potrooms, was raised as a major discussion in Norway in 1991-2, and has focused explicitly on musculoskeletal disorders among workers exposed to static magnetic fields. Our present study was performed to see whether occupational exposure to magnetic fields in potrooms influences the occurrence of musculoskeletal symptoms.
Subjects and methods

SUBJECTS
A retrospective cohort study was performed at an aluminium plant. The production of aluminium at this plant takes place by an electrolytic process. Some of the employees are regularly exposed to high magnetic fields during work in the potrooms. The occupational health care unit at the plant had registered health data about the employees systematically for several years. These data were stored in computer files from 1986, making a retrospective study from this year possible. The study period was set at 1986 to 1991. After 1991, a public discussion about the possible effects of magnetic fields in electrolysis plants on the musculoskeletal system was raised in Norwegian newspapers and television. As this discussion may have biased any information obtained about this issue, the study period ends before this discussion started. A cohort of exposed and unexposed workers was chosen retrospectivly among the workers employed in 1986. The cohort was closed and no new employees were included after the initial selection of the study base. If any of the employees ended their work at the plant or changed work site, they were removed from the cohort.
All workers in the plant were in a schedule of regular health controls at the occupational health care unit. The workers were examined at different intervals. Hardly any employees refused to participate in these health controls. At the health control the employees answered a questionnaire about their health and were examined by a medical doctor. Workers from the potrooms, the cast house, and the rolling mill, and all transport workers who had participated in a health control in 1986 were chosen as the study base. The employees from the potrooms were exposed to magnetic fields during their work, whereas the other groups of workers were not. The unexposed workers had a similar type of work to those in the potrooms in terms of physical exertion, and they had a similar social level.
EXPOSURE TO MAGNETIC FIELDS
Two different types of potrooms existed in the plant; potrooms with open Soderberg pots, and potrooms with hooded pots and prebaked anodes. The magnetic fields in electrolysis potrooms are mainly due to reduction in direct electric current (DC). The DC is produced by rectifying three phase 50 Hz current. It therefore contains remnants of the original alternating current (AC), usually referred to as "ripple".
The magnetic field recordings were performed at two sessions during the autumn of 1991 as part of a national survey.'4 The working environment in the pot rooms had not been changed in the period from 1986 until the recordings were made in 1991. The DC component (the static magnetic field) was measured by means of temperature compensated Hall effect chips (Honeywell), the output voltage of which was read on a digital multimeter. The workers in the potrooms were regularly exposed to estimated average static magnetic fields of the order of magnitude of 3-10 mT. Parts of the body could occasionally be exposed up to about 50 mTfor example, when the workers warmed their backs on the risers during a chilly watch. The AC components, the ripple fields, were picked up by a one dimensional search coil that had an effective area of 1 mi, producing an induced voltage numerically equal to the rate of change of the magnetic flux density (1 V represents 1 T/s). The signal from the coil was fed into a fast Fourier transformer (A&D 3522, 0-20 kHz), which could also be used as an oscilloscope. Significant frequency peaks of the ripple fields were multiples of 50 Hz, particularly 100, 200, 300, 600, and 1200 Hz. A 50 Hz component was found close to the rectifier in the Soderberg potroom, presumably due to ordinary power cables running parallel to the junctions. Above 1200 Hz there were only minor frequency peaks. The ripple amplitude (peak value) amounted to 7-8 mT/s (V/m2) close to the rectifiers. In the middle of potrooms, the ripple amplitude was about 0*3 mT/s.
No survey of magnetic fields was performed in the workplaces of the participants in the control group in this plant. Measurements made in similar plants, however, indicate that the typical magnetic fields in these working areas are similar to the fields in any industrial workplace without any dominating source of magnetic fields. The fields produced by the potlines should be regarded as negligible, as the control group performed their work far from this area.
HEALTH DATA
At each health control, the employees answered a questionnaire about the occurrence of symptoms of the chest, the digestive system, the skin, sleep disorders, and smoking habits. These data were obtained for the study base at the time of inclusion in 1986. Age, height, and weight of each person were obtained as well. In 1986 the employees answered questions about the occurrence of symptoms (pain and discomfort) in the past year from the arms, neck, and shoulders as well as from the back, hips, and legs. In 1991 they were asked similar but more detailed questions about the occurrence of symptoms in the past year from the arms, neck, shoulders, elbows, wrists, hands, upper back, lower back, hips, knees, ankles, and feet. The questionnaires used were not standardised, but the questions used in 1991 were a part of a Nordic questionnaire. '5 A statistical power analysis was performed on the occurrence of symptoms of the back. With a one year period prevalence of 30% and a significance level of 0-05, we have a probability of 74% of detecting a 10% difference in the occurrence of symptoms, and a probability of 95% of detecting a 20% difference.
STATISTICS
The occurrence of the different variables in the exposed group and the control group was compared by X2 tests for categorical variables and by the Student's t test for continuous normally distributed variables. Age adjusted odds ratios of occurrence of musculoskeletal Table 1 Descriptive health data on a group of workers exposed to magneticfields and a control group, obtained at a health examination at the time of inclusion in the study andfive years later (the difference between the groups was tested by x2 for categorical data There was no difference between the groups for body weight or occurrence of symptoms of the chest, digestive system, or skin or of sleep disorders, neither at the start of the study period nor at the end of it (table 1) .
The occurrence of smokers and the total tobacco consumed were significantly higher in the exposed group than in the unexposed group (table 1) . Because of this difference, the occurrence of musculoskeletal symptoms in the group of smokers was compared with the occurrence of musculoskeletal symptoms in non-smokers. The comparison was performed by x2 tests and by calculating age adjusted odds ratios. No significant differences in the occurrence of musculoskeletal symptoms were found.
There was a significant difference in the age of the exposed group and the control group, both at the time of inclusion (t test, P = 0-0001) and at the end of the study (t test, P = 0-0001). Because of this, the analyses were adjusted for age by dividing the population in 10 year groups. The age adjusted Table 2 Occurrence ofsymptoms of the neck, shoulders, elbows, wrists or hands, upper back, lower back, hips, knees, and ankles or feet the past year (1991) in a group ofworkers exposed to magnetic fields and a control group (the odds ratios have been age adjusted by dividing the workers into 10 year age groups: the Mantel-Haenszel point estimate was used). odds ratio for the occurrence of symptoms from the neck, shoulders, and arms in 1986 was 0-9 (95% CI = 0 3-4-0), and from the back, hips, and legs the odds ratio in 1986 was 1 1 (95% CI = 0 3-3 2). Similar analyses were performed within the same cohort in 1991. No significant differences in the occurrence of musculoskeletal symptoms were found when the group exposed to magnetic fields was compared with the control group in 1991 (table 2 ).
Discussion
Our study shows no difference in the occurrence of musculoskeletal symptoms in workers exposed to static and time variable magnetic fields in the potrooms of an aluminium plant and a control group. This was found both at the beginning and the end of a five year period. The occurrence of symptoms is a crude measure of the occurrence of musculoskeletal disorders. The workers may have minor problems of this kind that have not been registered. A higher occurrence of musculoskeletal symptoms would have been expected in the exposed group than in the control group during a follow up period of five years if the magnetic fields were of major importance in the aetiology of such symptoms. A standardized questionnaire was not used in the study, although the questions used in 1991 were a part of a Nordic questionnaire. The questions were not the same in 1986-7 as in 1991. This caused several limitations in the statistical analyses of the data. We were not able to evaluate any change in occurrence of symptoms within the different groups during the observation period because of this. This was the situation for both the exposed group and the control group, and should be of less importance in the comparison of these groups.
The subjects in the study base were selected for their exposure patterns only, not for their health. Also the data had been registered at the occupational health care unit before the study was designed, with no prior knowledge about the hypothesis of the study. The data had been registered in the years before the public discussion about this issue started in Norway. This makes the study base valid. Also, the data were exact and complete for all employees.
Confounding variables may have influuenced the results of our study. The exposed group and the control group were comparable, and worked in the same plant. The employees belonged to the same social level, and they had the same occurrence of several types of other health symptoms registered at the health control. Smoking seems to be a risk factor for musculoskeletal disorders. 26 27 In our study, no difference was found between the occurrence of musculoskeletal symptoms among smokers and non-smokers. Also, the exposed workers smoked more than the control group. Increasing age is a risk factor for occurrence of musculoskeletal disorders. The occurrence of musculoskeletal disorders was adjusted for age in our study.
There is a possibility that a selection from the exposed group to the control group in the plant may have taken place before the study period started. If an employee cannot perform his work in the potroom-for example, for health reasons-he may be transferred to another work site in the plant. This may have introduced workers with a previous exposure to magnetic fields into the control group. The cohort design with no inclusion of new workers during the study period reduces the possible effect of this type of confounding.
Conclusion
No relation between the occurrence of musculoskeletal symptoms and occupational exposure to magnetic fields in potrooms was found in a five year cohort study. The results from this study must be interpreted with caution, as static magnetic fields constituted the main exposure. The results may be different for work with other types of exposure to magnetic fields.
